Summary
Twenty patients who had undergone uncomplicated surgery of moderate severity were randomly allocated to two groups (both n = 10) who were fed using a peripheral vein for up to six days. Group I received, each day, a nutrient solution providing 10 grams of nitrogen as Perifusin (E Merck Ltd) and 1400 calories as dextrose and Intralipid (Kabivitrum Ltd) with an osmolality of 490 mosmol/kg. Group II received only 15 grams of nitrogen per day as Perifusin with an osmolality of 376 mosmol/kg. The mean (+ s.e. mean) nitrogen balance over the study was similar in both groups, in Group I being -1.23 + 0.89, and in Group II being -1.05 + 1.08 g (P> 0.05 Mann-Whitney U test). The nutrient mixture given to Group I resulted in elevated levels ofserum 3-hydroxybutyrate and lower levels of serum non-esterified fatty acids. These data suggest that lipolysis and ketogenesis were suppressed. There was no significant difference in serum lactate levels in either group. Venous thrombophlebitis at the infusion site was assessed daily using Maddox's criteria, with a minimal degree of inflammation occurring in either group. This preliminary study suggests that a total parenteral feeding regimen may be designed for The present study was undertaken to investigate the nutritional effects ofsuch a peripherally administered parenteral feeding regimen compared to that of a peripherally infused isotonic amino acid. solution only, and to study the drip-site survival during each administration.
Patients and methods Twenty patients who had undergone uncomplicated abdominal surgery were studied. Ethical committee approval for the study and fully informed patient consent were obtained. The patients were divided into two groups of 10: Group I had a mean age of66.1 years (43-82 years) and Group II 58.1 years (38-79 years). All underwent surgical procedures of similarly moderate severity.
The 10 patients in Group I received a mixture of 2 litres ofPerifusin (E Merck Ltd), 500 ml 20% dextrose and 500 ml 20% Intralipid in 24 hours. This mixture had a total osmolality of490 mosmol/kg and provided 1400 non-protein kcals and 10 g nitrogen in 24 hours. The 10 patients in Group II received a regimen of 3 litres of Perifusin in 24 hours, providing 15 g of nitrogen. Perifusin itself had an osmolality of 376 mosmol/kg. Each day's regimen was provided in a 3-litre bag prepared under laminar flow, sterile conditions. The rate of administration was controlled by a cassettetype volumetric pump. The feeding regimen was instituted on the first postoperative day and continued until oral nutrition was established, usually on the 6th postoperative day.
In addition to routine biochemical and haematological monitoring for patients receiving an intravenous feeding regimen, daily estimations of blood urea, lactate, 3-hydroxybutyrate, non-esterified fatty acids (NEFA) and insulin were performed together with measurements of 24-hour urinary urea. All estimations were by standard methods.
Nitrogen balance was calculated as the difference between the amount of nitrogen infused (10 g/day in Group I, 15 g/day in Group II) and the catabolic nitrogen loss. Catabolic nitrogen was taken to be the 24-hour urinary urea nitrogen + urea nitrogen retained (+) or lost (-) + sweat loss (taken as 0.3 g/day)4.
Urea nitrogen retained (+) or lost (-) was taken as 2.3 g/day/10 mg/100 ml blood urea change for a 65 kg body weight and corrected for actual body weight. There was no faecal loss during the study period.
The peripheral intravenous cannulae were sited in suitable forearm veins by the on-call house surgeon using routinely available Wallace cannulae (Wallace Ltd), the size used being the largest that could easily be inserted in the chosen vein. Although the patient's skin was cleaned using an alcohol solution, the operator was not gowned or gloved during the insertion of the cannula. The cannula was then covered with a sterile dressing and remained in situ for the duration of the study. The cannulae were not flushed with heparin or steroid solutions and the cannula site was inspected each day and assessed according to Maddox's criteria' (Table 1) . The delivery system, including the 3-litre bag, was changed every 24 hours.
Results
Nitrogen balance (Figure 1 ) In Group I, there was a small mean positive balance (0.6 g) on day 1. Thereafter the balances were -1.1 g, -3.3 g, -0.3 g and -2.3 g on days 2, 3, 4 and 5 respectively. In those patients receiving amino acid solution only (Group II) there was a small net mean positive nitrogen balance on day 1 (0.6 g) and day 3 (2.1 g); on days 2,4 and 5 there were net mean negative balances of -2.3 g, -5.8 g and -1.7 g respectively.
Overall for the five days of the study, the mean (_s.e. mean)nitrogenbalanceswerenegativeforboth
Group I (-1.23 + 0.89 g) and Group II (-1.05 + 1.08 g).
There was no significant difference between the groups (P> 0.05 Mann-Whitney U test). Non-esterified fatty acids (Table 2) NEFA were within expected limits preoperatively. In Group I, the mean levels remained little changed. There was a significant (P< 0.05) increase in values in Group II on postoperative days 2 and 3. In Group II, there was a steady rise in the mean level over the first three days of intravenous feeding which then plateaued at a level almost twice the pre-feeding level. (life table) ability of one non-protein energy substrate additive to the amino acid solution to further conserve body protein. It has been concluded that the infusion of crystalline amino acids alone without adequate provision of non-protein calories represents a wasteful use of nutrients9'1'13.
3-Hydroxybutyrate (
Metabolic studies of the efficacy of nutrient infusions suggest that the most appropriate and efficiently utilized regimen is one containing an appropriate provision of amino acids, fat and glucose together with fluid electrolyte, trace elements and vitamins"l416. In promoting muscle protein synthesis, skeletal muscle may be a more favoured site for amino;acid uptake and protein synthesis when glucose is added to a nutrient regimen17. Similarly, starving and postoperative patients demonstrate that-exogenous fat is efficiently cleared from the circulation, while isotopically labelled fat studies show that it is utilized to provide energy18. Further, the addition of fat alone to an amino acid solution results in an increased serum albumin concentration when compared to the administration of an amino acid solution alone19.
The hypertonicity of such mixed amino acid and non-protein calorie solutions has necessitated central venous cannulation in order to avoid peripheral venous thrombophlebitis. This technique requires skill, for it is associated with many complications including the risk of air embolism and catheterrelated sepsis. The provision of an appropriate nutrient regimen employing a simpler and safer method of vascular access has to date not been considered practicable. However, the knowledge that the patient's calorie requirements are lower than originally appreciated1'2, together with the demonstration of endothelial buffering by intravenous fat3 and the availability of an isotonic amino acid solution of about370 mosmol/kg, has contributed to a reappraisal of peripheral venous access.
This study demonstrates that a parenteral feeding solution containing amino acids, glucose, fat, electrolytes, vitamins and trace elements will, in the immediate postoperative period, reduce the negative nitrogen balance. When compared to saline alone (James AH et al:, in preparation) however, this reduction is not significantly different from that achieved by isotonic amino acids alone. This finding is similar to that of Greenberg et al. '3, in that the addition of lipid or carbohydrate to an amino acid solution did not alter the nitrogen-sparing effect. Patients infused with isotonic amino acids alone did have significantly higher blood concentrations of NEFA and ketone bodies. This correlates with significantly lower insulin concentrations during the period of the feeding regimen (Group I, 13.0 + 1.5 mU/ 1; Group II, 5.0 + 0.80 mU/l; P<0.001). Presumably the addition of glucose and fat to the mixture has stimulated insulin secretion such that both lipolysis and ketogenesis are suppressed. The results demonstrate that fat metabolism may be more sensitive to small changes in insulin concentrations than whole body protein turnover.
A particular feature of this study was that the incidence of cannula-related venous thrombosis was low and the addition of fat and glucose to the amino acids, giving a solution of 490 mosmol/l, had a minimal effect. The observed drip-site survival is similar to that of previous studies20-22 of peripheral venous cannulation. Compared to the siting of central venous catheters, cannula insertion is not a specialized technique, but rather a routine clinical procedure. The use of a peripheral cannula avoids the complications associated with central venous cannulation and, in particular, catheter malposition and septic complications. There is, in addition, a financial saving compared to the use of expensive central lines.
The ability to infuse a nutritional regimen containing sufficient calories and nitrogen using a peripheral vein is of particular value. This study suggests that a patient with good peripheral veins and basal energy requirements can be supported by such a regimen for a longer period of time than has so far been considered practical. There is metabolic evidence that an amino acid, fat and glucose mixture conserves body protein and energy stores and that all these exogenous nutrients are utilized.
This preliminary study agrees with previous work20 that peripheral venous parenteral nutrition is potentially of widespread clinical benefit. Further studies are indicated to determine methods of prolonging drip-site survival and to optimize nutrient solution composition.
